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ABSTRACT 



A receiver is disclosed for a DS/CDMA communication 
system wherein a symbol is spread with a predetermined 
spread code to produce a DS/CDMA signal which is trans- 
mitted on a radio frequency carrier. The receiver includes an 
interference canceller for cancelling signals from undesired 
sources introduced to a signal received from a desired source 
using a feedback signal. A phase variation canceller is 
provided for cancelling a phase variation that occurs in an 
interval between successive symbols of the received signal 
Both cancellers are connected in series. A decision circuit 
compares an input signal from the interference canceller or 
from the phase variation canceller with a threshold and 
produces an output representing one of two discrete values 
depending on whether it is higher or lower than the thresh- 
old. A correction circuit derives a correction signal from a 
signal produced by the interference canceller and applies it 
to the interference canceller as the feedback signal. 

42 Claims, 10 Drawing Sheets 
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DS/CDMA RECEIVER FOR HIGH-SPEED 
FADING ENVIRONMENT 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates generally to direct sequence/ 
code division multiple access (DS/CDMA) cellular mobile 
communication systems, and more specifically to a 
DS/CDMA receiver which is particularly suitable for use in 
cell-site stations. 

2. Description of the Related Art 

Commercial interest in DS/CDMA communication sys- 
tems has recently risen dramatically due to their potential 
ability to provide service to more users than is offered by 
other access techniques. In the DS/CDMA system, each 
mobile station includes a channel encoder and a multiplier 
for multiplying the output of the encoder with a distinct 
spread code. The output of the multiplier is modulated on a 
carrier for transmission. Signals from mobile stations are 
code division multiplexed with other signals within the same 
frequency spectrum, and the signal at the input of each 
DS/CDMA cell-site receiver is therefore a sum of the signals 
from the mobile stations. At a cell-site station, a plurality of 
CDMA receivers are provided, one for each mobile station. 
Each cell-site receiver multiplies a received bit sequence 
with a distinct spread code, which may be preas signed or 
assigned on an as-needed basis, so that signals from undes- 
ired mobile stations are "spread" over the frequency spec- 
trum of the system and become noise, while the components 
of the desired signal are "despread" into a signal having a 
significant amplitude. The noise resulting from the spread- 
ing of undesired signals may be insignificant if the number 
of mobile stations is small. However, the noise level will 
have an interfering effect on the desired signal if the number 
of mobile stations increases. 

For interference cancellation, a multiuser DS/CDMA 
receiver that utilizes the spread codes of all mobile users is 
described in a paper titled 4 'Near-Far Resistance of Multiuser 
Detectors in Asynchronous Channels", Ruxandra Lupas ct 
al, IEEE Transactions on Communications, Vol., 38, No. 4, 
Apr. 1990, pages 496-508. However, it is complex and 
impractical in certain cases because each mobile user must 
have the knowledge of all other spread codes. A single user 
receiver using the spread code of its own receiver for 
interference cancellation is described in a paper "Equaliza- 
tion for Interference Cancellation in Spread Spectrum Mul- 
tiple Access Systems", M. Abdulrahman et al, Proceedings 
of VTC '92, May 1992, pages 71-74. This single user 
receiver cancels interference by using an equalizer. The 
output of the equalizer is applied to a decision circuit whose 
output is coupled to a channel decoder. A matched filter 
(despreading filter) may be provided between the band- 
limiting filter and the equalizer and a spread code is applied 
to the matched filter as tap weight coefficients to extract the 
desired signal, while the interference that remains at the 
output of the matched filter is eliminated by the equalizer. 

However, since the equalizer's tap weight control is 
performed at the same time with carrier synchronization, 
there is an undesired mutual interaction between phase 
tracking and interference cancellation in a high- speed fading 
environment, causing a loss of phase synchronization. 

On the other hand, the RAKE receiver is well known as 
an optimum receiver for multipath environment Since the 
RAKE receiver attempts to collect the signal energy from all 
the received signal paths that fall within the span of its delay 
line and carry the same information, its action is somewhat 
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analogous to an ordinary garden rake, and hence, the name 
"RAKE receiver" has been coined. However, the prior art 
RAKE receiver was not designed with interference from 
other signal sources in mind. An adaptive RAKE receiver is 

5 described in a paper titled "BER Performance of Adaptive 
RAKE Diversity (ARD) in DPSK DS/CDMA Mobile 
Radio", Akihiro Higashi et al., Proceedings of ISSTA '92, 
November-December, 1992, pages 75-78. The adaptive 
RAKE receiver provides diversity combining of all arriving 

10 signals by weighting them with tap weight coefficients 
which are determined with other signal sources in mind so 
that the desired signal can be extracted efficiently, instead of 
recognizing all the temporal components of a matched filter 
as a desired signal and combining them with equal gain. 

15 However, the signal detection at every instant is determined 
exclusively by the use of a matched filter, and the interfering 
signals are not cancelled during the time prior to the diver- 
sity combining. 
In summary, any of the prior art DS/CDMA receivers is 

20 not satisfactory in carrier phase tracking and interference 
cancellation performance under high-speed fading and mul- 
tipath environments. 

SUMMARY OF THE INVENTION 

25 It is therefore an object of the present invention to provide 
a DS/CDMA receiver capable of satisfactory, operation for 
high-speed fading and multipath environments. 

According to a first aspect, the present invention provides 
a receiver for a DS/CDMA communication system wherein 

30 a symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier. The receiver includes a receiver means for 
receiving the signal from a desired source. An interference 
canceller is provided for cancelling signals from undesired 

35 sources introduced to the received signal according to a 
feedback signal. A phase variation canceller is provided for 
cancelling a phase variation that occurs in an interval 
between successive symbols of the received signal. Both 
cancellers are connected in series. A decision circuit com- 

40 pares an input signal from the phase variation canceller or 
from the interference canceller with a decision threshold and 
produces an output signal representing one of two discrete 
values depending on whether the input signal is higher or 
lower than the threshold. A correction signal circuit derives 

45 a correction signal from a signal produced by the interfer- 
ence canceller and applies the correction signal to the 
interference canceller as the above-mentioned feedback sig- 
nal. 

In one embodiment, the phase variation canceller is 

so connected to the output of the interference canceller and 
comprises a delay element for introducing a delay corre- 
sponding to one symbol of the DS/CDMA signal into the 
output signal of the interference canceller and a multiplier 
for multiplying the output signal of said interference can- 

55 celler with the signal delayed by said delay element 

In a modified einbodiment, the phase variation canceller 
is connected between the interference canceller and the 
decision circuit, and comprises means for deriving a refer- 
ence carrier from input and output signals of the decision 

60 circuit and means for synchronizing the output signal of the 
interference canceller to the reference carrier. Alternatively, 
the phase variation canceller is connected between the 
receiver means and the interference canceller, and comprises 
means for deriving a reference carrier from input and output 

65 signals of the decision circuit and means for synchronizing 
the output signal of the receiver means to the reference 
carrier. 
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According to a second aspect, the present invention 
provides a DS/CDM A receiver for multipath environment 
The receiver comprises a receiver means for receiving the 
signal from a desired source, and a delay line connected to 
the receiver means, the delay line having a plurality of 
successive taps. A plurality of interference cancellers are 
connected respectively to the successive taps of the delay 
line, each of the interference cancellers cancelling compo- 
nents of the signal from the desired source according to a 
first feedback signal, the components being introduced to the 
signal received by the receiver means as a result of multipath 
fading effect A maximum ratio combiner is provided for 
weighting output signals of the interference cancellers 
according to a second feedback signal and summing the 
weighted output signals to produce a weighted sum signal 
A decision circuit compares the weighted sum signal with a 
decision threshold to produce an output signal representing 
one of two discrete values depending on whether the 
weighted sum signal is higher or lower than the threshold, 
and supplies the output signal of the decision circuit to the 
maximum ratio combiner as the second feedback signal. An 
error detector detects an error between the input and output 
signals of the decision circuit and applies the detected error 
to each of the interference cancellers as the first feedback 
signal. 

According to a third aspect, the present invention pro- 
vides a DS/CDMA receiver for high-speed fading and 
multipath fading environment. The receiver comprises a 
receiver means for receiving the signal from a desired 
source, and a delay line connected to the receiver means, the 
delay line having a plurality of successive taps. A plurality 
of interference cancellers are connected respectively to the 
successive taps of the delay line, each of the interference 
cancellers cancelling components of the signal from the 
desired source according to a correction signal, the compo- 
nents being introduced to the signal received by the receiver 
means as a result of multipath fading effect A plurality of 
phase variation cancellers are connected respectively to the 
outputs of the interference cancellers, each of the phase 
variation cancellers cancelling a phase variation that occurs 
in an interval between successive symbols of the signal 
received by the receiver means. Means are provided for 
combining output signals of the phase variation cancellers to 
produce a sum signal. A decision circuit compares the sum 
signal with a decision threshold to produce an output signal 
representing one of two discrete values depending on 
whether the sum signal is higher or lower than the threshold. 
An error detector detects an error between the input and 
output signals of the decision circuit and applies the detected 
error to each of the interference cancellers as the correction 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further detail 
with reference to the accompanying drawings, in which: 

FIG. 1 is a block diagram of a DS/CDMA receiver 
according to a first embodiment of the present invention 
using a phase variation canceller of differential detector 
configuration; 

FIG. 2 is a block diagram of an interference canceller 
implemented in a linear equalizer configuration; 

FIG. 3 is a block diagram of an interference canceller 
implemented in a decision feedback equalizer configuration; 

FIG. 4A is a block diagram of a DS/CDMA receiver using 
a phase variation canceller of modified embodiment; 

FIG. 4B is a block diagram of an modification of the 
DS/CDMA receiver of FIG., 4A; 
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FIG. 5 is a block diagram of a matched filter used in the 
present invention; 

FIG. 6 is a block diagram of a DS/CDMA receiver of 
RAKE receiver configuration according to a second embodi- 
5 ment of the present invention for multipath environment 
applications; 

FIG. 7 is a block diagram of a modified form of the 
DS/CDMA receiver of FIG. 6 using the phase variation 
iQ cancellers of FIG. 1; 

FIG. 8 is a block diagram of a modified form of the 
DS/CDMA receiver of FIG. 6 using the phase variation 
cancellers of FIG. 4; and 

FIGS. 9, 10 and 11 are block diagrams of the DS/CDMA 
15 receivers of FIGS. 6, 7 and 8, respectively, for digital signal 
processing applications. 

DETAILED DESCRIPTION 

20 Referring now to FIG. 1, there is shown a DS/CDMA 
receiver at a cell-site station according to a first embodiment 
of the present invention. At the cell-site station, the 
DS/CDMA receiver for each mobile user comprises a band- 
pass filter 2, a baseband section 3, an interference canceller 

25 4, a phase variation canceller 5, a decision circuit 6 and a 
channel decoder 7. Decision circuit 6 compares the output of 
phase variation detector 6 with a predetermined threshold 
and makes a decision in favor of a logic 1 or 0 depending on 
whether it is higher or lower than the threshold. The output 

30 of the decision circuit 6 is presented to the channel decoder 
7 where it is decoded in a process inverse to that of the 
channel encoder at the mobile station transmitter. An error 
detector 8 is connected between the input and output of 
decision circuit 6 to detect a decision error e. 

35 At the mobile station, each transmit symbol is modulo-2 
summed, or chipped with the bits of a distinct spread code 
(such as pseudo-random bit sequence) of M-chip length to 
produce a direct sequence spread spectrum signal, which is 
modulated upon a carrier and transmitted. The transmitted 

40 carrier is detected by the cell-site DS/CDMA receiver at 
antenna 1 and fed to the bandpass filter 2 where it is 
band-limited to the frequency spectrum of the DS/CDMA 
system. The band-limited signal is applied to the baseband 
section 3 where the signal frequency is converted to basc- 

45 band. 

The baseband signal is applied to the interference can- 
celler 4 of transversal filter structure having tap weight 
coefficients which are adaptively controlled so that their 
vectors are orthogonal to all the spread codes except for one 
30 used at the mobile station of interest 

The output of interference canceller 4 is applied to the 
phase variation canceller 5 where undesired phase variations 
caused by high-speed fading that occurs in the transmission 

55 channel are cancelled. Specifically, the phase variation can- 
celler 5 preferably comprises an automatic gain controlled 
amplifier 10 that develops an output having a constant level. 
The output of AGA 10 is applied to a delay element 11 which 
introduces a delay corresponding to symbol time T. The 

50 output of the delay element 11 is applied to a normalizer 12 
where the amplitude of the signal is normalized. A complex- 
valued version of the normalized signal is produced by a 
complex conjugate converter 13 and supplied to a multiplier 
14 where it is multiplied with the output of AGA 10. 

65 At time k+1, the output of delay element 11 has a phase 
angle 6* and the output of AGA 10 has a phase angle 0^, 
which are given by: 
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6*r<M<fr* (i) The tap weight coefficient b^k) of the feedback equalizer 

0fa.i s 4wi-»4wi (2) * s der ^ vcd by a tap weight controller 33 which includes a 

plurality of update circuits respectively corresponding to the 

where $ k is the phase angle of the transmit signal at time k, multipliers 31. Each update circuit of the tap weight con- 

and $ k is a carrier phase component at time k attributed by 5 trailer 33 updates the tap weight coefficient b,<k) of the 

the transmission channel. Since the output of AGA 10 is corresponding multiplier according to the following Equa- 

given by a phase angle Q Mi the multiplier 14 develops a tion: 
signal which represents the phase difference G^-G*. If the 

phase component $ k of the channel is approximately equal 6/*fi)=*,(*>+v<*) <*/(*) (4) 

to the phase component § M at time k+1, the phase differ- \o where df*(k) is the complex-conjugated signal at corre- 

ence 8^-6* does not contain the carrier phase component sponding delay-line tap 30. The algorithm known as mini- 

and corresponds to a phase change in the transmitted infor- mum mean square error (MMSE) is achieved by the simul- 

mation bearing signal. Thus, at the output of the multiplier taneous solution of Equations (3) and (4). As a result, the 

14 the carrier phase component is cancelled. vectors of all the tap weight coefficients a/k) of multipliers 

Hie use of automatic gain controlled amplifier 10 and 15 21 are rendered orthogonal to the vectors of all undesired 

aormalizer 12 serves to improve the performance of the signals, eliminating their interference, 

phase variation canceller 5. A modification of the phase variation canceller of the 

As illustrated in FIG. 2, the interference canceller 4 previous embodiment as indicated by numeral 5\ is shown 
includes a transversal equalizer coniprising a tapped delay in FIG. 4A. In this modification, the phase variation can- 
line formed by a series of delay-line elements 20 each with 20 celler 5" includes a complex conjugate converter 40 which 
a delay time Tc/m* where Tc is the chip interval between develops a complex-valued version of the output of decision 
successive bits of the spread code used, and m is an integer. circuit 6. The output of complex conjugate converter 40 is 
The baseband signal is the input to the delay line to produce applied to one input of a phase detector 41 whose output is 
successively delayed signals. To the delay-line elements are coupled to an integrator 42. The canceller 5' further includes 
connected a plurality of tap weight multipliers 21 for 25 a sign inverter 43 for inverting the sign of the phase value 
weighting the delay-line tap signals with respective tap- 6. Hie output of sign inverter 43 and the output of interfer- 
weight coefficients. The weighted signals are summed by an ence canceller 4 are appHed to a phase shifter 44 whose 
adder 22 to produce a sum signal which is applied to the output is connected to the input of decision circuit 6. Aphase 
phase variation canceller 5. To produce the tap weight vector generator 45 is connected to the output of integrator 
coefficients, the successive signals on the delay line are 30 42 to develop a phase rotation vector for application to 
supplied to a tap weight controller 23 where their correla- the interference canceller 4. 

tions with the output of a multiplier 24 are taken according in operation* the phase detector 41 detects a phase dif- 

to a known adaptive control algorithm in such a manner that ference A0 between the input and output of decision circuit 

the mean square value of the decision error e is reduced to 6. This phase difference is integrated by integrator 42 with 

a minimum. Least mean square, least square method and 35 previous values of phase difference in order to produce a 

recursive least squares can be used to advantage. To this end, signal representing an updated phase value 0 of the trans- 

the decision error e from error detector 8 is weighted by the mitted carrier. The phase value, which is inverted by the sign 

multiplier 24 with an output signal (phase rotation inverter 43, is applied to the phase shifter 44 as a reference 

vector) from the normalizer 12 to produce a signal e^xe, carrier which is synchronized to the transmitted carrier, 

which is applied to the tap weight controller 23. Tap weight 40 Phase shifter 44 multiplies the signal from the interference 

controller 23 includes a plurality of update circuits (not canceller with the reference signal, so that the undesired 

shown) corresponding to the tap weight multipliers 21. If the carrier phase that occurs as a result of high-speed fading is 

LMS algorithm is used, each update circuit "i" derives a tap cancelled. 

weight coefficient a, for the corresponding tap weight mul- The embodiment of FIG. 4A may be modified as shown 

tiplier by solving the following Equation: 45 in FIG. 4B in which the phase variation canceller is con- 

a/k+i^/i^+tiertV^r'fJt) (2) nected to the output of baseband section 3 and the interfer- 

' ence canceller 4 is connected between the phase variation 

where ^-(k) is the tap weight coefficient at time k, u is the canceller 5' and the input of decision circuit 6. In the 

stepsize, and r/(k) is the complex-conjugated signal at embodiments of FIG. 4B, the interference canceller 4 only 

corresponding delay-line tap 20. In this way, the tap weight 50 receives the output of error detector 8 and applies it direct to 

coefficients are controlled and their vectors are oriented in a the tap weight controller 23. Therefore, in FIG. 4B, the 

direction orthogonal to those of the undesired components of phase vector generator 45 is dispensed with, 

the received signal and aligned with the output vector of the In the previous embodiments, the tap weight coefficients 

adder 22. of the interference canceller 4 are controlled in such a 

Preferably, the interference canceller additionally 55 manner that their vectors arc oriented in a direction orthogo- 

includes a feedback equalizer as illustrated in FIG. 3. This nal to the vectors of all the undesired signals. In some cases 

feedback equalizer is comprised by a delay line of taps 30 where the number of undesired signal sources is relatively 

each successively introducing a delay corresponding to the small, the tap weight coefficients have a high degree of 

symbol interval T to the output of decision circuit 6. The correlation with the spread code used at the transmitters. For 

output of each delay-line tap 30 is supplied to a correspond- 60 such applications, a matched filter 9, as illustrated in FIG. 5, 

ing tap weight multiplier 31 where it is weighted by a tap can be used to advantage by connecting it between the 

weight coefficient b,<k). After summing the weighted tap output of baseband section 3 and the input of interference 

signals by an adder 32, a signal representing the weighted canceller 4. Matched filter 9 includes delay-line elements 50 

sum is multiplied by the signal <r from phase variation connected in series to the output of the baseband section 3. 

canceller 5. The difference between the outputs of the adders 65 To the delay-line elements 50 are respectively connected tap 

22 and 32 of the equalizers is taken by a subtract or 35 and weight multipliers 51 whose tap weight coefficients are 

applied to the input of phase variation canceller 5. controlled in response to the bits of a spread code supplied 
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from a spread code memory 53 as corresponding to the 
spread code used at the transmitter. The tap signals are 
weighted respectively by corresponding multipliers 51 and 
summed by an adder 52 and a signal is developed indicating 
the sum of the weighted signals. As a result, the received 
chip-rate components of the desired signal are "despread" 
into a signal as represented by the output of the adder 52 and 
applied to the input of interference canceller 4. 

Under all or most circumstances, orthogonality exists 
between the vectors of the tap weigjit coefficients of the 
matched filter and the spread code of an undesired station. 
As long as the orthogonally is maintained at the matched 
filter, the desired signal has a high signal to noise ratio. If the 
orthogonality is lost with respect to one or more undesired 
signals, interference would result However, the tap weight 
coefficients of the interference canceller are feedback- 
controlled according to the same algorithm as used in the 
previous embodiments to remove the interference. 

For multipath fading environment, a DS/CDMA receiver 
of RAKE receiver configuration of FIG. 6 can be used to 
advantage. The receiver includes a delay line formed by 
delay-line elements 61 each introducing a specified amount 
of delay corresponding to the chip interval Tc multiplied by 
an integer including unity. These delay times are determined 
so that the multipath components of the desired signal 
appear at the successive taps of the delay line. Connected to 
the delay-line taps are interference cancellers 4 of the same 
structure as described previously. At the interference can- 
cellers 4, the multipath components of the desired signal 
which occur at other than me specified timing are treated as 
if they were undesired signals and cancelled since these 
components behave as if they were chipped with a different 
spread code. On the other hand, those of the multipath 
components which occur at the specified timing are 
extracted. 

A maximum-ratio combiner 60 is provided which 
includes a plurality of multipliers 62 corresponding to the 
interference cancellers 4. Each multiplier 62 provides 
weighting of the output of the corresponding interference 
canceller with a weight coefficient supplied from a controller 40 
64. The outputs of the multipliers 62 are summed by an 
adder 63 and fed into the decision circuit 6. The weight 
coefficients are derived by the weight controller 64 by 
detecting correlations between the inputs of the multipliers 
62 and the output of the decision circuit 6 and updating the 45 
correlations so that the outputs of all the interference can- 
cellers 4 are combined with a maximum ratio. 

In FIG. 7, the embodiment of HG. 6 is modified to include 
a plurality of phase variation cancellers 5 (FIG. 1 ) con- 
nected respectively to to the interference cancellers 4. In this 
modification, the multipliers 62 of FIG. 6 are dispensed with 
since their weight coefficients can be set equal to unity. The 
outputs of phase variation cancellers 5 are summed by the 
adder 63 and fed into the decision circuit 6. 

If use is made of the phase variation cancellers 5 1 of FIG. 
4, instead of the cancellers 5 of FIG. 1, for multipath 
applications, the maximum ratio combiner 60 is used to 
advantage in conjunction with the phase variation cancellers 
5' as illustrated in FIG. 8. 

The CDMA receivers of the RAKE configuration shown 
in FIGS. 6, 7 and 8 are implemented with digital signal 
processors as shown in FIGS. 9, 10 and 11, respectively. 

In FIG. 9, the embodiment of FIG. 6 is modified by the 
provision of a switch 90 and a latch circuit 91 which are 
driven by a timing circuit 92. Instead of using a plurality of 65 
interference cancellers 4, a single interference canceller 4 is 
provided between the output of baseband section 3 and the 
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input of the switch 90. Switch 90 has a plurality of output 
terminals corresponding respectively to the successive taps 
of the delay line of FIG. 6 and is controlled by the tuning 
circuit 92 so that it sequentially establishes a path from its 
input terminal to one of its output tenninals corresponding 
to the timing at which the signal appears at the correspond- 
ing tap of the delay line. Latch circuit 91 has a plurality of 
latch elements corresponding respectively to the output 
terminals of switch 90 to store all multipath signal compo- 
nents of the output of interference canceller 4, which are 
supplied to the maximum ratio combiner 60 where the 
latched signals are weighted respectively and summed 
together. When the combiner 60 produces an output signal, 
the latch circuit 91 is cleared and the switch 90 is returned 
to the staring position to repeat the process. 
The embodiment of FIG. 7 is modified as shown in FIG. 

10 which differs from FIG. 9 by the inclusion of a plurality 
phase variation cancellers 5 (FIG. 1 ) and a switch 93. Phase 
variation cancellers 5 are connected between the latch 91 
and the adder 63. Switch 93 is driven by timing circuit 92 to 
sequentially couple the phase rotation vector (e**) of each of 
these phase variation cancellers 5 to the interference can- 
celler 4 for cancelling interference from undesired signal 
sources in cooperation with the decision error output signal 
The outputs of phase variation cancellers 5 are summed by 
the adder 63 in response to a timing signal from timing 
circuit 92 when all the output terminals of switch 90 are 
scanned. Latch 91 is then cleared, and the switch 90 is 
returned to the starting position to repeat the process. 

The embodiment of FIG. 8 is modified as shown in FIG. 

11 which differs from FIG. 10 by the use of phase variation 
cancellers 5' of FIG. 4A, instead of cancellers 5 of FIG. 1. 

What is claimed is: 

1. A receiver for a direct-sequence code division multiple 
access (DS/CDMA) communication system wherein a plu- 
rality of signal sources transmit DS/CDMA signals on a 
radio frequency carrier, each of the DS/CDMA signals being 
produced by spreading a symbol with a unique spread code 
at predetermined chip intervals, comprising: 
receiver means having a spectral bandwidth for receiving 

said DS/CDMA signals; 
an interference canceller for cancelling signals from 
desired sources introduced to a signal received by the 
receiver means from a desired source by using a 
feedback signal; 
a phase variation canceller for cancelling a fading-related 
phase variation that occurs between successive sym- 
bols of the signal from the desired source; 
decision means for comparing an input signal with a 
decision threshold and producing an output signal 
representing one of two discrete values depending on 
whether the input signal is higher or lower than the 
threshold, the interference canceller and the phase 
variation canceller being connected in series between 
said receiver means and said decision means for pro- 
ducing an interference- and phase-variation-cancelled 
signal, and 

correction signal generator means for deriving a correc- 
tion signal from said interference- and phase- variation 
cancelled signal and applying the correction signal to 
said interference canceller as said feedback signal, 

wherein the interference canceller is a linear equalizer 
including: 

a tapped-delay line having delay-line tap intervals equal 
to or smaller than said predetermined chip intervals; 

a plurality of multipliers connected to successive taps of 
the delay line for multiplying tap signals on said 
successive taps with respective tap weight vectors; 



07/13/2004, EAST Version: 1.4.1 



5,64 

9 

an adder for summing outputs of the multipliers to pro- 
duce a signal as an output signal of the interference 
canceller, and 

a tap-weight controller for deriving said tap weight vec- 
tors respectively from correlations between said tap 
signals and said feedback signal, whereby the tap 
weight vectors are orthogonally oriented to the signals 
from the undesired sources. 

2. A receiver as claimed in claim 1, wherein said phase 
variation canceller is connected to the output of said inter- 
ference canceller and comprises: 

delay means for introducing a delay corresponding to one 

symbol of said DS/CDMA signal into an output signal 

of said interference canceller; and 
multiplier means for multiplying the output signal of said 

interference canceller with the signal delayed by said 

delay means. 

3. A receiver as claimed in claim 2, wherein said phase 
variation canceller further comprises an automatic gain 
controlled amplifier connected to the output of said inter- 
ference canceller for generating a constant amplitude signal 
and applying the constant amplitude signal to said delay 
means and said multiplier means. 

4. A receiver as claimed in claim 2, wherein said phase 
variation canceller further comprises a normalizer connected 
between said delay means and said multiplier means. 

5. A receiver as claimed in claim 1, wherein said correc- 
tion signal generator means includes error detector means 
for detecting an error between the input and output signals 
of said decision means as said correction signal. 

6. A receiver as claimed in claim 5, wherein said inter- 
ference canceller further comprises a decision feedback 
equalizer which comprises; 

a tapped-delay line for receiving the output signal of the 
decision means, the second tapped-delay line delay-line 
tap intervals equal to symbol intervals at which said 
symbol occurs; 

a plurality of mulupliers for multiplying tap signals of the 
tapped-delay line with respective tap weight vectors; 

an adder for summing outputs of the multipliers to pro- 
duce sum signal; 

means for combining the sum signal with the output 
signal of the adder of the linear equalizer to produce a 
signal as an output signal of the interference canceller; 
and 

a tap-weight controller for deriving the tap weight vectors 
of the second tapped-delay line respectively from cor- 
relations between the tap signals of the second tapped- 
delay line and the error detected by the error detector 
means. 

7. A receiver as claimed in claim 1, wherein said phase 
variation canceller is connected between said interference 
canceller and said decision means, and comprises: 

means far deriving a reference carrier from input and 
output signals of said decision means; and 

means for synchronizing the output signal of said inter- 
ference canceller to said reference carrier. 

8. A receiver as claimed in claim 1, wherein said phase 
variation canceller is connected between said receiver means 
and said interference canceller and comprises: 

means for deriving a reference carrier from input and 
output signals of said decision means; and 

means for synchronizing the output signal of said receiver 
means to said reference carrier. 

9. A receiver as claimed in claim 7 or 8, wherein said 
reference carrier deriving means comprises: 
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phase detector means for detecting a phase difference 
between the input and output signals of said , decision 
means; and 

integrator means for integrating said phase difference for 
5 producing said reference carrier. 

10. A receiver as claimed in claim 7 or 8, wherein said 
synchronizing means comprises a phase shifter for shifting 
the output signal of said interference canceller according to 
said reference carrier. 
io 11. A receiver as claimed in claim 7 or 8, wherein said 
synchronizing means comprises a phase shifter for shifting 
. the output signal of said receiver means according to said 
reference carrier. 

12. A receiver as claimed in claim 1, 2 or 8, wherein said 
15 interference canceller farther comprises a decision feedback 

equalizer which comprises: 
a tapped-delay line for receiving the output signal of the 
decision means, the second tapped-delay line delay-line 
tap intervals equal to symbol intervals at which said 
20 symbol occurs; 

a plurality of multipliers for multiplying tap signals of the 
tapped-delay line with respective tap weight vectors; 
an adder for summing outputs of the multipliers to pro- 
duce a sum signal; 
25 means for combining the sum signal with the output 
signal of the adder of the linear equalizer to produce a 
signal as an output signal of the interference canceller; 
and 

a tap-weight controller for deriving the tap weight vectors 
30 of the second tapped-delay line respectively from cor- 
relations between the tap signals of the second tapped- 
delay lines and said feedback signal. 

13. A receiver as claimed in claim 1, further comprising 
a matched filter connected between said receiver means and 

35 said interference canceller for despreading the signal 
received by the receiver means from said desired source 
according to said predetermined spread code. 

14. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 

40 symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 
receiver means for receiving said signal from a desired 
source; 

45 

a delay line connected to said receiver f means, the delay 
line having a plurality of successive taps; 

a plurality of interference cancellers connected respec- 
tively to said successive taps, each of the interference 
50 cancellers cancelling components of the signal from 
said desired source according to a first feedback signal, 
said components being introduced to the signal 
received by the receiver means as a result of multipara 
fading effect; 

53 maximum ratio combiner means for weighting output 
signals of said interference cancellers according to a 
second feedback signal and summing the weighted 
output signals to produce a weighted sum signal; 
decision means for comparing said weighted sum signal 

60 with a decision threshold to produce an output signal 
representing one of two discrete values depending on 
whether the weighted sum signal is higher or lower 
than the threshold, and supplying the output signal of 
the decision means to said maximum ratio combiner 

65 means as said second feedback signal; and 

error detector means for detecting an error between the 
input and output signals of said decision means and 
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applying the detected eiror to each of said interference 
cancellers as said first feedback signal 

15. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 5 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 

receiver means for receiving said signal from a desired 
source; 

a delay line connected to said receiver means, the delay 10 
line having a plurality of successive taps; 

a plurality of interference cancellers connected respec- 
tively to said successive taps, each of the interference 
cancellers cancelling components of the signal from 
said desired source according to a correction signal, 15 
said components being introduced to the signal 
received by the receiver means as a result of multipath 
fading effect; 

a plurality of phase variation cancellers connected respec- 
tively to outputs of the interference cancellers, each of 20 
the phase variation cancellers cancelling a phase varia- 
tion that occurs in an interval between successive 
symbols of the signal received by said receiver means; 

summing means for combining output signals of said 
phase variation cancellers to produce a sum signal; 25 

decision means for comparing said sum signal with a 
decision threshold to produce an output signal repre- 
senting one of two discrete values depending on 
whether the compared signal is higher or lower than the 
threshold; and 30 

error detector means for detecting an error between the 
input and output signals of said decision means and 
applying the detected error to each of said interference 
cancellers as said correction signal 

16. A receiver for a direct-sequence code division mul- 35 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 

receiver means for receiving said signal from a desired 40 
source; 

a delay line connected to said receiver means, the delay 
line having a plurality of successive taps; 

a plurality of interference cancellers connected respec- 45 
tively to said successive taps, each of the interference 
cancellers cancelling components of the signal from 
said desired source according to a first feedback signal, 
said components being introduced to the signal 
received by the receiver means as a result of multipath 50 
fading effect; 

a plurality of phase variation cancellers connected respec- 
tively to outputs of the interference cancellers, each of 
the phase variation cancellers cancelling a phase varia- 
tion that occurs in an interval between successive 55 
symbols of the signal received by said receiver means; 

maximum ratio combiner means for weighting output 
signals of said phase variation cancellers according to 
a second feedback signal and summing the weighted 
output signals to produce a weighted sum signal; 60 

decision means for comparing said weighted sum signal 
with a decision threshold to produce an output signal 
representing one of two discrete values depending on 
whether the weighted sum signal is higher or lower 
than the threshold and supplying the output signal of 65 
the decision means to said maximum ratio combiner 
means as said second feedback signal; and 
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error detector means for detecting an error between the 
input and output signals of said decision means and 
applying the detected error to each of said interference 
cancellers as said first feedback signal 

17. A receiver as claimed in claim 14, 15 or 16, wherein 
each of said interference cancellers comprises a linear 
equalizer for cancelling said components according to the 
error detected by said error detector means. 

18. A receiver as claimed in claim 14, 15 or 16, wherein 
each of said interference cancellers comprises a decision 
feedback equalizer for cancelling said components accord- 
ing to the error detected by said error detector means and the 
output signal of said decision means. 

19. A receiver as claimed in claim 15 or 16, wherein each 
of said phase variation cancellers comprises: 

delay means for introducing a delay corresponding to one 
symbol of said DS/CDMA signal into an output signal 
of a corresponding one of said interference cancellers; 
and 

multiplier means for multiplying the output signal of said 
corresponding interference canceller with the signal 
delayed by said delay means. 

20. A receiver as claimed in claim 19, wherein each of 
said phase variation cancellers further comprises an auto- 
matic gain controlled amplifier connected to the output of a 
corresponding one of said interference cancellers for gen- 
erating a constant amplitude signal and applying the con- 
stant amplitude signal to said delay means and said multi- 
plier means. 

21. A receiver as claimed in claim 19, wherein each of 
said phase variation cancellers further comprises a normal- 
izer connected between said delay means and said multiplier 
means. 

22. A receiver as claimed in claim 15 or 16, wherein each 
of said phase variation cancellers comprises: 

means for deriving a reference carrier from input and 
output signals of said decision means; and 

means for synchronizing the output signal of said inter- 
ference canceller to said reference carrier. 

23. A receiver as claimed in claim 22, wherein said 
reference carrier deriving means comprises: 

phase detector means for detecting a phase difference 
between the input and output signals of said decision 
means; and 

integrator means for integrating said phase difference for 
producing said reference carrier. 

24. A receiver as claimed in claim 22, wherein said 
synchronizing means comprises a phase shifter for shifting 
the output signal of said interference canceller according to 
said reference carrier. 

25. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 

receiver means fox receiving said signal from a desired 
source; 

an interference canceller connected to said receiver means 
for cancelling components of the signal from said 
desired source according to a first feedback signal, said 
components being introduced to the signal received by 
the receiver means as a result of multipath fading effect; 

latch means having a plurality of elements; 

means for sequentially coupling an output signal of said 
interference canceller to said element of. the latch 
means; 
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maximum ratio combiner means for weighting output phase variation cancellers cancelling a phase variation 

signals of said elements of the latch means according to that occurs in an interval between successive symbols 

a second feedback signal and summing the weighted of the signal received by said receiver means; 

output signals to produce a weighted sum signal; maximum ratio combiner means for weighting output 

decision means for comparing said weighted sum signal 5 signals of said phase variation cancellers according to 

with a decision threshold to produce an output signal a second feedback signal and surnming the weighted 

representing one of two discrete values depending on output signals to produce a weighted sum signal; 

whether the weighted sum signal is higher or lower decision means for comparing said weighted sum signal 

than the threshold, and supplying the output signal of with a decision threshold to produce an output signal 

the decision means to said m a x i m u m ratio combiner 10 representing one of two discrete values depending on 

means as said second feedback signal; and whether the weighted sum signal is higher or lower 

error detector means for detecting an error between the than the threshold and supplying the output signal of 

input and output signals of said decision means and the decision means to said maximum ratio combiner 

applying the detected error to interference cancellers as means as said second feedback signal; and 

said first feedback signal. 13 error detector means for detecting an error between the 

26. A receiver for a direct-sequence code division mul- input and output signals of said decision means and 
tiple access (DS/CDMA) communication system wherein a applying the detected error to said interference cancel- 
symbol is spread with a pretetermined spread code to ler as said first feedback signal 

produce a DS/CDMA signal which is transmitted on a radio 28. A receiver as claimed in claim 25, 26 or 27, wherein 

frequency earner, comprising: 20 said interference canceller comprises a linear equalizer for 

receiver means for receiving said signal from a desired cancelling said components according to the error detected 

source; by said error detector means, 
an interference canceller connected to said receiver means 29. A receiver as claimed in claim 25, 26 or 27, wherein 
for cancelling components of the signal from said eacn °f said interference cancellers comprises a decision 
desired source according to a correction signal, said 2 feedback equalizer for cancelling said components accord- 
components being introduced to the signal received by i^g to me err or detected by said error detector means and the 
the receiver means as a result of multipath fading effect; output signal of said decision means, 
latch means having a plurality of latch elements; 30 - A rec «iver as claimed in claim 26 or 27, wherein each 
means for sequentially coupling an output signal of said 30 ° f ^ ^ V f ^ f^"*! CQmpriseS: 
interference canceller to said elements of the latch dday means for mfr^ 

means . symbol of said DS/CDMA signal into an output signal 

_ . . . „ , of said interference canceller: and 

a plurality of phase variation cancellers connected respec- „ , . * , e , a 

tively to said elements of the latch means, each of the miu^pher means for mulUplymg the output signal of said 

phase variation cancellers cancelling a phase variation 35 mterference canceller with the signal delayed by said 

that occurs in an interval between successive symbols delay means. ^ 

of the signal received by said receiver means; receiver as claimed in churn 30, wherein each of 

~ . _ A . , . said phase variation cancellers further comprises an auto- 

summing means for combining output signals of said matic ^ controlled Mcr conncctcd to me output of 

phase variation cancellers to produce a sum signal; gaid Jerference canceller for generating a constant ampli- 

deasion means for comparing said sum signal with a 40 ^ signal ^ applying the constant amplitude signal to 
decision threshold to produce an output signal repre- said delay and said multiplier means, 
senting one of two discrete values depending on 32. a receiver as claimed in claim 30, wherein each of 
whether the compared signal is higher or lower than the said phase variation cancellers further comprises a normal- 
threshold; and izer connected between said delay means and said multiplier 

error detector means for detecting an error between the means, 

input and output signals of said decision means and 33. A receiver as claimed in claim 26 or 27, wherein each 

applying the detected error to said interference cancel- of said phase variation cancellers comprises: 

lers as said correction signal. means for deriving a reference carrier from input and 

27. A receiver for a direct-sequence code division mul- 5Q output signals of said dec ision means; and 

tiple access (DS/CDMA) communication system wherein a means for synchronizing the output signal of said inter- 
symbol is spread I with a predetenrnned spread code to fcrcncc canceller to said reference carrier, 
produce a DS/CDMA signal which is transmitted on a radio 34. A rcceiver as claimed in 33, wherein said 
frequency earner, comprising: reference carrier deriving means comprises: 
receiver means for receiving said signal from a desired J3 phasc detcctQr mcans for a phasc difference 
source, between the input and output signals of said decision 
an interference canceller connected to said receiver means means * and 
for cancelling components of the signal from said integrator mcans for integrating said phasc difference for 
desired source according to a first feedback signal, said producing said reference carrier 
c™rx)nentsbe^ w 35 A ^ as daimcd m daim 33 whercin said 
the receiver means as a result of multipath fading effect; synchronizing means comprises a phase shifter for shifting 
latch means having a plurality of latch elements; the output signal of said interference canceller according to 
means for sequentially coupling an output signal of said said reference carrier, 
interference canceller to said elements of the latch 36. A receiver for a direct-sequence code division mul- 
means » 65 tiple access (DS/CDMA) communication system wherein a 
a plurality of phase variation cancellers connected respec- plurality of signal sources transmit DS/CDMA signals on a 
tively to said elements of the latch means, each of the radio frequency carrier, each of the DS/CDMA signals being 
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produced by spreading a symbol with a unique spread code 
at predetermined chip intervals, comprising: 
a receiver device having a spectral bandwidth for receiv- 
ing said DS/CDMA signals; 
an interference canceller for cancelling signals from 
desired sources introduced to a signal received by the 
receiver device from a desired source by using a 
feedback signal; 

a phase variation canceller for cancelling a fading-related 
phase variation that occurs between successive sym- 
bols of the signal from the desired source; 

a decision circuit for comparing an input signal with a 
decision threshold and producing an output signal 
representing one of two discrete values depending on 
whether the input signal is higher or lower than the 
threshold, the interference canceller and the phase 
variation canceller being connected in series between 
said receiver device and said decision circuit for pro- 
ducing an interference- and phase-variation-cancelled 
signal, and 

a correction signal generator for deriving a correction 
signal from said interference- and phase-variation can- 
celled signal and applying the correction signal to said 
interference canceller as said feedback signal, 

wherein the interference canceller is a linear equalizer 
including: 

a tapped-delay line having delay-line tap intervals equal 
to or smaller than said predetermined chip intervals; 

a plurality of multipliers connected to successive taps of 
the delay line for multiplying tap signals on said 
successive taps with respective tap weight vectors; 

an adder for summing outputs of the multipliers to pro- 
duce a signal as an output signal of the interference 
canceller; and 

a tap-weight controller for deriving said tap weight vec- 
tors respectively from correlations between said tap 
signals and said feedback signal, whereby the tap 
weight vectors are orthogonally oriented to the signals 40 
from the undesired sources. 
37. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 45 
frequency carrier, comprising: 

a receiver device for receiving said signal from a desired 
source; 

a delay line connected to said receiver device, the delay 
line having a plurality of successive taps; 50 

a plurality of interference cancellers connected respec- 
tively to said successive taps, each of the interference 
cancellers cancelling components of the signal from 
said desired source according to a first feedback signal, 
said components being introduced to the signal 
received by the receiver device as a result of multipara 
fading effect; 

a maximum ratio combiner for weighting output signals 
of-said interference cancellers according to a second 
feedback signal and summing the weighted output 
signals to produce a weighted sum signal; 

a decision circuit for comparing said weighted sum signal 
with a decision threshold to produce an output signal 
representing one of two discrete values depending on 65 
whether the weighted sum signal is higher or lower 
than the threshold, and supplying the output signal of 



the decision circuit to said maximum ratio combiner as 
said second feedback signal; and 
an error detector for detecting an error between the input 
and output signals of said decision circuit and applying 
5 the detected error to each of said interference cancellers 
as said first feedback signal 

38. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 

10 produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 
a receiver device for receiving said signal from a desired 
source; 

a delay line connected to said receiver device, the delay 

line having a plurality of successive taps; 
a plurality of interference cancellers connected respec- 
tively to said successive taps, each of the interference 
cancellers cancelling components of the signal from 
said desired source according to a correction signal, 
said components being introduced to the signal 
received by the receiver device as a result of multipath 
fading effect; 

a plurality of phase variation cancellers connected respec- 
tively to outputs of the interference cancellers, each of 
the phase variation cancellers cancelling a phase varia- 
tion that occurs in an interval between successive 
symbols of the signal received by said receiver device; 
a summing device for combining output signals of said 

phase variation cancellers to produce a sum signal; 
a decision circuit for comparing said sum signal with a 
decision threshold to produce an output signal repre- 
senting one of two discrete values depending on 
whether the compared signal is higher or lower than the 
threshold; and 

error detector for detecting an error between the input and 
output signals of said decision circuit and applying the 
detected error to each of said interference cancellers as 
said correction signal. 

39. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetennined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 

a receiver device for receiving said signal from a desired 
source; 

a delay line connected to said receiver device, the delay 

line having a plurality of successive taps; 
a plurality of interference cancellers connected respec- 
tively to said successive taps, each of the interference 
cancellers cancelling components of the signal from 
said desired source according to a first feedback signal, 
said components being introduced to the signal 
received by the receiver device as a result of multipath 
fading effect; 

a plurality of phase variation cancellers connected respec- 
tively to outputs of the interference cancellers, each of 
the phase variation cancellers cancelling a phase varia- 
tion mat occurs in an interval between successive 
symbols of the signal received by said receiver device; 
a maximum ratio combiner for weighting output signals 
of said phase variation cancellers according to a second 
feedback signal and summing the weighted output 
signals to produce a weighted sum signal; 
a decision circuit for comparing said weighted sum signal 
with a decision threshold to produce an output signal 
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representing one of two discrete values depending on 
whether the weighted sum signal is higher or lower 
than the threshold and supplying the output signal of 
the decision circuit to said man'Tnnm ratio combiner as 
said second feedback signal; and 

an error detector for detecting an error between the input 
and output signals of said decision circuit and applying 
the detected error to each of said interference cancellers 
as said first feedback signal. 
40. A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising; 
a receiver device for receiving said signal from a desired 
source; 

an interference canceller connected to said receiver device 
for cancelling components of the signal from said 
desired source according to a first feedback signal, said 
components being introduced to the signal received by 
the receiver device as a result of multipath fading 
effect; 

a latch having a plurality of elements; 

a sequential coupling device for sequentially coupling an 
output signal of said interference canceller to said 
elements of the latch; 

a maximum ratio combiner for weighting output signals 
of said elements of the latch according to a second 
feedback signal and summing the weighted output 
signals to produce a weighted sum signal; 

a decision circuit for comparing said weighted sum signal 
with a decision threshold to produce an output signal 
representing one of two discrete values depending on 
whether the weighted sum signal is higher or lower 
than the threshold, and supplying the output signal of 
the decision circuit to said maximum ratio combiner as 
said second feedback signal; and 

an error detector for detecting an error between the input 
and output signals of said decision circuit and applying 
the detected error to said interference canceller as said 
first feedback signal. 

4L A receiver for a direct-sequence code division mul- 
tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 

a receiver device for receiving said signal from a desired 
source; 

an interference canceller connected to said receiver device 
for cancelling components of the signal from said 
desired source according to a correction signal, said 
components being introduced to the signal received by 
the receiver device as a result of multipath fading 
effect; 

a latch having a plurality of latch elements; 
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a sequential coupling device for sequentially coupling an 
output signal of said interference canceller to said 
elements of the latch; 
a plurality of phase variation cancellers connected respec- 
5 trvely to said elements of the latch, each of the phase 
variation cancellers cancelling a phase variation that 
occurs in an interval between successive symbols of the 
signal received by said receiver device; 
a summing device for combining output signals of said 
10 phase variation cancellers to produce a sum signal; 
a decision circuit for comparing said sum signal with a 
decision threshold to produce an output signal repre- 
senting one of two discrete values depending on 
whether the compared signal is higher or lower than the 
J5 threshold; and 

an error detector for detecting an error between the input 
and output signals of said decision circuit and applying 
the detected error to said interference canceller as said 
correction signal. 
42. A receiver for a direct-sequence code division mul- 
20 tiple access (DS/CDMA) communication system wherein a 
symbol is spread with a predetermined spread code to 
produce a DS/CDMA signal which is transmitted on a radio 
frequency carrier, comprising: 
a receiver device for receiving said signal from a desired 
source; 

an interference canceller connected to said receiver device 
for cancelling components of the signal for said desired 
source according to a first feedback signal, said com- 
30 ponents being introduced to the signal received by the 
receiver device as a result of multipath fading effect; 
a latch having a plurality of latch elements; 
a sequential coupling device for sequentially coupling an 
output signal of said interference canceller to said 
35 elements of the latch; 

a plurality of phase variation cancellers connected respec- 
tively to said elements of the latch, each of the phase 
variation cancellers cancelling a phase variation that 
occurs in an interval between successive symbols of the 
40 signal received by said receiver device; 

a maximum ratio combiner for weighting output signals 
of said phase variation cancellers according to a second 
feedback signal and summing the weighted output 
signals to produce a weighted sum signal; 
43 a decision circuit for comparing said weighted sum signal 
with a decision threshold to produce an output signal 
representing one of two discrete values depending on 
whether the weighted sum signal is higher or lower 
than the threshold and supplying the output signal of 
50 the decision circuit to said maximum ration combiner 
as said second feedback signal; and 
an error detector for detecting an error between the input 
and output signals of said decision circuit and applying 
the detected error to said interference canceller as said 
35 first feedback signal. 
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